reciprocal rhythm revealed a consistent retrograde atrial activation in thefrontal plane, while the pathway of the atrial depolarization in the horizontal and sagittal planes showed conspicuous variation. In I4 cases (78%) the atrial activation vector was directed from left to right, in IO cases (55 %) it showed also an anterior orientation. These findings represent unequivocal evidence against the theoretical considerations upon which the subject of left atrial rhythm was built.
Analysis of the scalar configuration and spatial orientation of P waves retrogradely conducted in the junctional tissue in I7 cases of arrhythmias of the QRS-P type and in a case of atrial reciprocal rhythm revealed a consistent retrograde atrial activation in thefrontal plane, while the pathway of the atrial depolarization in the horizontal and sagittal planes showed conspicuous variation. In I4 cases (78%) the atrial activation vector was directed from left to right, in IO cases (55 %) it showed also an anterior orientation. These findings represent unequivocal evidence against the theoretical considerations upon which the subject of left atrial rhythm was built.
The results of the study suggest that many of the so-called left atrial rhythms may represent in fact instances ofjunctional rhythm of the P-QRS type (upper nodal rhythm). The work presents sufficient argument against the use of P wave configuration from surface leads as a clue for the site of origin of the impulse or the pathways of intra-atrial conduction.
In contrast to the extensive analysis and sufficient consistency of the spatial orientation and conventional scalar configuration of P waves of sinus origin, little is available about P waves of AV junctional rhythm. In fact apart from their frequent retrograde activation of the atria -the diaphragmatic surface leads being mostly utilized for their registrationlittle is known about their spatial orientation and scalar configuration in other planes and other leads, especially the chest leads. The subject acquires significance in view of the revived interest in so-called left atrial rhythm. In spite of the limited capacity of the left atrium to serve as a pacemaker of the heart (Rothberger and Sachs, I939), automatic cells were described in the left atrioventricular ring and at the pulmonary veno-atrial junctions (Robb and Petri, I96I; Hoffman and Cranefield, i964), and their spontaneous activity underlies the basis of presumed left atrial rhythms. Relatively little interest was attached to the subject until Mirowski popularized the term on purely theoretical arguments (Mirowski, Neill, and Taussig, I963) . In later publications Mirowski ex- tended his criteria to include variable configurations of the P wave in most of the conventional leads with the exception of lead V6 (Mirowski, I966a, I967) . The inversion of the P wave in this lead was offered as mandatory and as the most specific feature of left atrial rhythm, being sufficient per se to exclude (Mirowski, I966b) and flutter (Mirowski and Alkan, I967) of left atrial origin. Shortly after Mirowski published his works it was realized that his theories had at least three limitations. Firstly, the simplified left-to-right relation of the two atria is not in accord with the actual topography of the two chambers (Walmsley and Watson, I966) . Secondly, underlying the concept of the spatial orientation of the left atrial P waves is the assumption that the atrial impulse propagates concentrically through the myocardium in spite ofincreasing evidence to the contrary (James, I963; Wagner et al., I966; Brody, Woolsey, and Arzbaecher, I967) . Thirdly, the analysis of the conventional electrocardiogram has the limitations inherent in a non-corrected lead system (Frankl and Soloff, I968) .
Experimentation in the subject of left atrial rhythm usually took the form of analysis of either mechanically induced (Somlyo and Grayzel, I963) of left atrial rhythm but also on the use of P wave configuration from surface leads to study the site of origin of the impulse and the pathways of intra-atrial conduction. On the other hand, it was sufficiently clear that the artificial induction of left atrial rhythm with the subsequent description of certain P wave characteristics had nothing to do with the proof of -the spontaneous occurrence of the particular rhythm. This consideration primarily guided the line of approach in the present work where we endeavoured to study the scalar configuration and the spatial orientation of P waves conducted retrogradely in the junctional tissue using both conventional and orthogonal scalar leads. The term junctional rhythm is used in the present report, as elaborately defined and suggested by Pick and Langendorf (I968) . The study aims to present unequivocal arguments against the theoretical considerations upon which the subject of left atrial rhythm was built (Mirowski, I966a) , and suggests at the same time that many of the socalled left atrial rhythms may represent in fact instances of junctional rhythm of the P-QRS type (upper nodal rhythm).
Subjects and methods
The atrial activation in impulses arising from junctional tissue may either precede, coincide, or follow the ventricular activation, depending on relative forward and retrograde conductivity rather than on the exact site of impulse formation in the junctional tissue (Pick and Langendorf, I968) . This may lead to the inscription of rhythms of the P-QRS, P/QRS, and QRS-P types (corresponding (Kistin, I963) , and in a few other circumstances. The P waves in 17 cases of rhythms of the QRS-P type and one case of atrial reciprocal rhythm found to satisfy the above two criteria were subjected to analysis using either the three conventional leads aVF, Vi, and V6 (9 cases) or the three orthogonal leads Y, Z, and X (9 cases).
In instances of ventricular tachycardia and/or ventricular premature systoles the three conventional or orthogonal scalar leads were recorded simultaneously usually together with an oesophageal VE lead. The Frank lead system (Frank, I956) was used in the recording of the orthogonal leads. The technique for recording and analysis of the orthogonal scalar leads was previously published (El-Sherif et al., I966). All records were made on either a 3-or 6-channel Phillips Cardiopan apparatus or a 4-channel Elema-Schonander Mingograph type 42-B. The mean manifest axis angles of the P wave for the three planes of the body (FAP, HAP, and SAP for the frontal, horizontal, and right sagittal planes, respectively) were calculated from the orthogonal scalar leads utilizing the net areas enclosed by the atrial deflections which were enlarged by projection on a screen.
The cases aimed to show the various circumstances under which an unequivocal origin of the P waves, whether arising from or traversing the junctional tissue, can be diagnosed with certainty, and can be grouped under four categories.
A) Thirteen cases of ventricular tachycardia and/ or ventricular premature systoles showing retrograde atrial activation, ii of which were induced during either right ventricular catheterization (9 instances) or left ventricular catheterization (2 instances). In these cases the impulse has to traverse the junctional tissue before giving rise to atrial activation. Seven cases had relatively short RP intervals so that the retrograde P waves fell in the ST segment of the ventricular complex; however, these were always sufficiently clear for analysis ( Fig. i and 2 ). In the remaining 6 cases there were instances when a long RP interval was sufficient to carry the retrograde P waves clear from the T complex making their analysis obviously simple (Fig. 3) Fig. 5 . The upper record shows a supraventricular tachycardia with 2:I AV block (atrial rate i85 beats per minute), the P waves are inverted in diaphragmatic surface leads, lead I, and chest leads from V3 to V6, and positive in Vi. From the record it is impossible to tell whether the site of origin of the impulse is in the lower atrial or AV junctional regions. However, the fortuitous occurrence of either a 2: i exit block at the ectopic centre (record Vi (B)) or 4: 1 exit block (not shown in the Fig.) enabled the occurrence of I: I relation between atrial and ventricular activations. Here the AV junctional origin could be suggested depending on the temporal relation of the P wave immediately after the QRS complex.
It is pertinent to mention here that in cases of 'classical' supraventricular tachycardia of the QRS-P type, a junctional origin of the impulse cannot be unequivocally established. In these cases there is always the problem of relating the ectopic P waves either to the preceding QRS complex (thus representing instances of 'classical' junctional tachycardia of the QRS-P type) or to the following QRS complex (here the arrhythmia may be either of junctional or ectopic atrial origin with conduction disturbance in the pathway of ventricular activation, i. Instances of normal AV conduction, 2: I AV block, 2:I AV block with interference dissociation, and complete AV dissociation were demonstrated. Of interest in the case were instances of aberration of junctional beats in the presence of complete AV dissociation and instances of atrial reciprocal rhythm easily induced by isoprenaline injection. A complete report of the case is the subject of a separate communication. Pertinent to the present study are the instances of atrial reciprocal rhythm. The site and mechanism of atrial reciprocal rhythm are intimately related to disturbances in the AV junctional conduction (a dual pathway) (Kistin, i965), thus showing a further mechanism where the unequivocal junctional origin of the P wave can be established. Fig. 6B shows a study by t_multiple conventional leads for the configuration of the atrial reciprocal beats.
Results Tables i and 2 include the analysis of P waves conducted retrogradely in the junctional tissue. While the P waves were consistently inverted in the vertical lead (the conventional lead aVF and the orthogonal Y lead), they showed variable configurations in other leads. The P wave was negative in 7 cases out of 9 in lead V6 and in another 7 cases out of 9 in the orthogonal X lead. In the remaining cases the P wave was either low positive or nearly isoelectric. The P wave in lead Vi showed either positive (5 cases), negative (2 cases), or an initially negative followed by a terminal positived eflection (2 cases). On the other hand, the P wave in the orthogonal Z lead inscribed either a positive (5 cases), negative (3 cases), or an initially negative followed by a terminal positive deflection (i case). In Io instances of the present series (half of them studied by the orthogonal leads) the P waves showed a positive deflection in either the conventional lead Vi or the orthogonal Z lead while they Fnscribed a negative deflection in either the conventional lead V6 or the orthogonal X lead, respectively. The mean manifest axis angle of the P wave varied within a narrow range in the frontal plane while it showed a wider range of variation in both the horizontal and sagittal planes , studied of P waves conducted retrogradely in the junctional tissue (55%), the atrial activation pursued a course which was rigidly considered to characterize only impulses of left atrial origin (Mirowski, I966a) . In an additional 4 cases the P waves were negative in the horizontal lead (the conventional lead V6 or the orthogonal X lead) reflecting a left-toright atrial activation vector. These findings represent unequivocal evidence against the theoretical considerations upon which the subject of left atrial rhythm was built.
Explanations for the genesis of the pattern of atrial depolarization when the impulse arises from or traverses the junctional tissue are considered outside the scope of this clinical presentation. However, two considerations seem indispensable in this connexion. Firstly, the topography of the left atrium is as posterior to the right atrium as it is to its left side (Walmsley and Watson, I966) . Secondly, the recent elegant demonstrations of specialized conducting pathways within the atrium suggest that a rapid non-concentric propagation of the impulse can occur (James, I963; Wagner et al., I966) . This contrasts with the conventional concentric propagation upon which all analysis of normal and abnormal P waves is built. Related to the last point the changes in inter-and intra-atrial conduction may play a role (Scherf and Cohen, I964 
FIG. 5 Record (A)
shows junctional tachycardia With 2:I A V block. The P waves show negative deflections in diaphragmatic surface leads, lead I, and chest leads from V3 to V6, and positive in Vi. The proof that this arrhythmia arises from junctional and not low atrial sites was obtained during the fortuitous occurrence of 2:I exit block at the ectopic centre (record Vi (B)) giving rise to I:1r A V conduction where the temporal relation of the P wave immediately following the QRS complex satisfies the diagnosis of a junctional origin of the tachycardia. The slight difference in the rate of discharge of the ectopic centre during instances of i:1r conduction at the centre and 2:I exit block, respectively, can be explained by local changes in the rhythmicity of the ectopic pacemaker. In addition to the sinus P waves (high positive and peaked deflection in lead II), two other types of P waves are demonstrated. The P waves showing negative deflection represent atrial reciprocal beats, while the P waves with intermediate configuration (marked F) are atrial fusion beats resulting from the simultaneous activation of the atria by both the sinus discharge and the atrial reciprocal beat. Note the 3 consecutive P waves in the middle of the record making a short run of atrial reciprocal rhythm (actually the second P wave in the series is an atrial fusion beat).
Record B represents a study by multiple conventional leads for the scalar configuration of the atrial reciprocal beats (the fifth and the ninth P waves). These inscribe a negative deflection in leads V6 and aVF, a positive deflection in leads aVR and aVL, and an rsR' (mainly positive) deflection in lead Vi.
The standardization is 2-5 times the normal standard in leads Vi and V6 and double the normal standard in lead aVF.
to activate the atria retrogradely. This may be superficially simulated to the consistent route the impulse pursues in sinus rhythm. On the other hand, the impulse in some of the experimental reports may be arising from different sites and is liable to take variable routes. The mechanism by which P waves of junctional and ectopic low atrial origin can * inscribe a positive deflection in diaphragmatic surface leads has been based on the assumption of an initial rapid (almost silent) retrograde conduction via the specialized intraatrial tracts before depolarization of the two atria in the usual downward fashion. Experimental evidence for such a mechanism was ; previously reported (Brumlik, 1958 (Mirowski, I966b, I967) . In fact it has been suggested that atrial flutter represents the chief clinical manifestation of left atrial automaticity (Harris et al., I968) . Secondly, the use of the P wave configuration as a clinical index for atrial relation in certain instances of congenital heart diseases. It is interesting to note that this same point was the underlying factor for Mirowski to construct his notions about left atrial rhythm (Mirowski et al., I963) . This work presents sufficient evidence against the first point. As regards the second point, which may be of a more direct clinical application, we suggest that caution should be exercised in 
